The effect of strengthening of elastomers using a finelydisperse filler with a particle size of a few nanometers is manifested as a range of phenomena. There are scale effects of strength at the level of tens, hundreds and thousands of microns, the Mullins softening effect, the viscoelastic properties of the material, and the speed and temperature-time behaviour patterns of specimens. The present work attempts to link these phenomena through unifying ideas concerning the processes taking place inside an elastomer during failure of it. Two hypotheses were taken as possible starting-points for this: 1) concerning the thermal fluctuation nature of strength in elastomer materials; and 2) concerning stress reinforcement of elastomers under the influence of load.
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There is information suggesting that the rise in the level of damage in filled elastomers and the rupture stresses in specimens depend on the filler particle size over the range of variation in these particles from nanometers to millimeters [1, 2] . This dependence cannot be explained by the existence of layers around particles of filler with special mechanical properties, rearrangement of the morphology of the elastomer lattice as a result of slipping of overloaded chains along the surface of inclusions or other processes on a scale compatible with that of polymer coils. The scale effect of strength is observed both when there are a large number of filler particles present, and around individual inclusions [3] . This effect apparently cannot be linked to the features of growth of micro-cracks in the specimen under test. There is a dependence between the rate of rise in the damage level in filled elastomers and the rate of loading [4, 5] . This cannot be predicted using strain strength criteria or strength criteria based on the magnitudes of stresses achieved in an elastomer matrix around individual filler particles. The moment when damage appears around an inclusion and the moment of rupture of the whole specimen are determined in any experiment as a random magnitude, the scatter of values of which does not depend on the equipment used [3, [6] [7] [8] . It appears that the occurrence of damage should be attributed to random space-time phenomena. Such phenomena may be critical thermal fluctuations (significant flare-ups of kinetic energy of motion in links of the polymer chains capable of leading to the occurrence of a micro-defect).
The thermal fluctuation aspect of the strength of materials was developed in work [9] . Failure of the materials was linked to the appearance of damage resulting from thermal fluctuations at the molecular level. In the final analysis this leads to the growth of a macro-rupture and failure of the specimen. Time and temperature factors play a key part in this process, and without taking them into account the description of the failure will be imprecise.
The thermal fluctuation approach to strength analysis (including its application to polymers) is set out in the monographs [10, 11] . In the thermal fluctuation description of failure, the main focus of attention is the time and temperature dependences of the failure stresses. Critical thermal fluctuations may, however, also be the cause of a dependence of material strength characteristics on the dimensions of inclusions and the dimensions of the specimens [12] [13] [14] . This hypothesis was first presented in work [15] .
In elastomer specimens without filler, rupture takes place in two stages [16] . In the initial, slow stage of the process, at the apex of the rupture a fibrous structure is formed, then separate strands are shaped and split into sections. At a certain moment of time a critical situation is reached and the second stage of failure begins -with rapid splitting of the specimen into two parts without any strands being formed at the rupture apex. In line with these stages, on the rupture surface it is easy to see a rough area from the first stage of failure and a shiny area from the second. Reducing the specimen test temperature is equivalent to increasing the strain rate. This type of failure is described using a stress reinforcement hypothesis.
With failure of a polymer without filling [16] , the additional orientation of the material at the place where rupture is growing is accompanied by reinforcement of it. Under the influence of thermal movement in the elastomer, the bonds break one after another, causing resistance to rupture. This process continues to take place until the material is so weakened that a new macroscopic act of failure takes place. Rupture movement in the slow stage of the process is accompanied by the shaping of strands and their separation into sections. If the stress rises so quickly that strands are not able to form, the second stage of failure begins, which is rapid growth of the rupture.
GROWTH OF MACRO-RUPTURE IN AN ELASTOMER SPECIMEN
The following assumption seems a reasonable way to explain the nature of the development of a macrorupture that is observed in a specimen in the slow stage of the process. Ahead of the front of the growing rupture, as a result of the appearance of critical thermal fluctuations, there is failure of parts of the elastomer. The number and dimensions of the instances of microdamage occurring depend on the magnitude and quantity of the critical thermal fluctuations occurring (which in turn depend on the time for which the overloaded part of the material is exposed to high stresses, the dimensions of the overloaded area and the temperature). The appearance of critical thermal fluctuations is more likely near to the rupture boundary (where higher stresses act, but the material has not yet managed to become reinforced through orientation), and less likely (though possible) at a distance from it. Critical thermal fluctuations at the slow stage of failure are not capable of destroying a large volume of the material, so the intact part of the elastomer ahead of the rupture front succeeds in orienting itself and strands are formed.
The characteristic times governing the rise in the damage level ahead of the macro-rupture front and the lifetime of the oriented part of the elastomer depend on the temperature, the dimensions of the overloaded areas and the acting stresses. The transition of the elastomer into an oriented state is also governed by its characteristic time. The ratio of the characteristic times of these processes governs the particular way in which the rupture grows (slow or fast stage of failure).
Such processes also take place when a film of highlyelastic material breaks away from a hard surface. At a low rate of delamination, strands form, which then break. Traces of these strands are left behind on the hard surface and the film. At high rates of delamination, the film breaks off intact from the surface [11] . It is possible that, at a slow rate of delamination, at the split front boundary the elastomer manages to transfer into an oriented state, and so thermal fluctuations break down the material ahead of the front. Strands form in this area. The situation is reminiscent of the first stage of failure of an elastomer specimen. At high delamination rates the elastomer behaviour is repeated in the second stage. The elastomer does not succeed in passing into an oriented state. There is rapid failure without strands being formed.
STRENGTHENING OF ELASTOMERS WITH A FINELY-DISPERSE FILLER
Experiments looking at the behaviour of paraffin in vulcanisate [17] are important for an understanding of the nature of strength. At a material temperature that exceeds the melting point of paraffin by 2-3°C, the vulcanisate behaved like a homogeneous elastomer under tension. Reducing the temperature by 2-3°C below the melting point of paraffin led to the appearance of solid crystal particles in the elastomer. The material began to behave like a filled elastomer, and the rupture stress increased by an order of magnitude. On subsequent increases and decreases in temperature, the variations in the properties of the material were fully repeated.
The following explanation may be advanced for the observed variations in strength properties. When a specimen with filler is placed under strain, resistance to the external load is put up by the gaps between inclusions located close together, the centres of which are along the tension axis. In the gaps, the elastomer goes over into an oriented state, flows, becomes strengthened and does not allow the material to fail. Its behaviour fully repeats the behaviour of the strands near the boundary of the growing rupture of a homogeneous specimen in the slow stage of the process. With inclusions of large dimensions, or in the case of a non-filled vulcanisate, critical thermal fluctuations succeed in causing a substantial rise in the level of damage in the material, up to the point where the elastomer passes into an oriented state in the areas shaping the elastic resistance of the specimen to the external load. Around large inclusions, therefore, failure will begin at significantly smaller loads. In a non-filled elastomer, macro-rupture foci may be formed at stresses that are inadequate for a transition to an oriented state.
Tension on an elastomer containing an inert filler is accompanied by the appearance of delaminations around solid phase particles at relatively minor stresses. The T/56 specimen breaks down significantly sooner than when an active filler is used. The rupture strength may, however, be significantly increased by applying an external pressure to the system (se [18] ). This effect may be linked to the fact that external pressure hinders the appearance and opening of vacuoles formed when the matrix splits away from inactive filler particles.
DISSIPATIVE PROCESSES IN ELASTOMERS
Dissipative processes in elastomers and failure processes are mutually inseparable. There is a power dependence between work on failure of a material and hysteresis losses in the first cycle of loading to strains close to rupture level. It does not alter its appearance with variation in temperature and solvent content [19] . This points to changes to the structure of the material under strain. This may possibly be linked to a rise in residual strains with the flow of oriented binder in the gaps between inclusions.
Results obtained from study of non-polar cross-linked and non-cross-linked elastomers [11] confirm that viscous flow, relaxation processes and failure are one in nature. This is manifested as a coincidence of activation energy values for the corresponding processes. The break-up of a specimen into parts is preceded by the appearance and growth of one or several ruptures. This means that orientation of the material ahead of the rupture front includes a rearrangement of the morphology of the elastomer, leading to the occurrence of residual flow strains. The concepts "orientation", "residual strain" and "viscous flow" define aspects of a single process. Proof of the appearance of residual strains is provided by the lumps left by broken strands, which may be seen on the rupture surface.
The introduction of a finely-disperse reinforcing filler into an elastomer not only raises its rupture stress by an order of magnitude, but also leads to a perceptible growth in elongation at rupture. From the aspect of the stress reinforcement hypothesis, this indicates that orientation of the elastomer in the gaps between inclusions is accompanied by a rise in residual strains. The Mullins softening effect [20, 21] is often linked to a rise in damage levels in the material, and is modelled by introducing a damage level parameter. The question as to its real nature remains open, though. After a lengthy period of rest (several tens of days) at room temperature, the initial properties of vulcanisates may be restored [22] . A similar recovery takes place after thermostatting of specimens for 24 hours. One explanation for this is recovery of the initial lattice morphology in the gaps between inclusions after a certain time has elapsed from removal of the load.
Combining the thermal fluctuation and stress reinforcement hypotheses leads to an assumption that explains the existence of an envelope of ruptures when specimens fail. This curve defines the states of change in the nature of the failure in specimens from the slow stage of growth of a macro-rupture that has appeared into the fast stage of motion of it. If the growth of strands and their demise ceases to be compensated by the formation of new strands ahead of the rupture front, rapid failure commences. The root of the process may lie in the following. Thermal motion of polymer chains and acting loads govern the characteristic transition time to an oriented state (essential for disentangling and alignment of chains in the required direction), the characteristic time for the appearance of micro-defects ahead of the rupture front and the characteristic strand life time. At a certain stage in the development of a rupture, the ratio of the times becomes such that strands will not manage to form. Under the load in question, this moment depends only on the difference in morphology of the elastomer lattice ahead of the rupture front and the morphology in strands already formed. It does not matter how the material of the specimen achieved the corresponding state. All that matters are the acting load and the morphology in the sections of the material being compared. It is the combination of these factors that defines the rupture envelope.
So the thermal fluctuation approach to the failure mechanism in elastomers and the stress reinforcement hypothesis may be used to explain many experiments. For a more detailed analysis of their molecular nature and the ways in which they may be applied in practice, a suitable mathematical model needs to be constructed and computer experiments performed on it.
